A pleomorphic, gas-vesicle-containing, halophilic archaeon, designated strain H13
Halophilic archaea are chemoorganotrophic organisms that require at least 1.5 M NaCl for growth and are the dominant inhabitants in hypersaline environments, such as hypersaline lakes, alkaline soda lakes and solar salterns [1] [2] [3] . The haloarchaeal genus Haloterrigena was established by Ventosa et al. [4] and at the time of writing comprises nine species: Haloterrigena turkmenica [4] , Htg. thermotolerans [5] , Htg. saccharevitans [6] , Htg. longa and Htg. limicola [7] , Htg. hispanica [8] , Htg. salina [9] , Htg. jeotgali [10] and Htg. daqingensis [11] .
Strain H13
T was isolated from hypersaline soil samples which were collected from a saltern pond of the Western Salt Co. in San Diego, USA. Soil samples were directly added into NHB medium which contained (l À1 ): NaCl 240 g, MgSO 4 Á 7H 2 O 10 g, KCl 5 g, CaCl 2 Á 2H 2 O 0.2 g, KNO 3 1 g, sodium citrate 3 g, casamino acid 5 g and yeast extract 1 g, pH 7.2. After incubation for one month, the culture acquired a purple red colour and samples were streaked on NHB agar plates (NHB with 20 g l À1 agar). Many deep-red-pigmented colonies appeared and colonies with different morphology and colour were picked for further study. The single isolate presented in this study was designated H13 T and it was routinely cultured aerobically at 45 C in NHA medium (NHB without the addition of yeast extract).
Genomic DNA was isolated by phenol extraction according to Jarrell et al. [12] . The full length 16S rRNA genes including their flanking sequences were amplified by PCR with KOD -Plus-Neo polymerase (Toyobo) and primers designed based on the strain H13 T genome assembly (see below). The primer sequences and PCR conditions are listed in Table S1 (available in the online Supplementary Material). Before purification, the PCR products were subjected to the A-tailing reaction with Blend Taq DNA polymerase (Toyobo). PCR products of the expected size (~2.5 kb) were eluted using PCR Gel Extraction Kit (Biotools). Purified PCR products were cloned using the pGEM-T system (Promega) and were sequenced by Mission Biotech (Taipei, Taiwan). Two 16S rRNA gene sequences of strain H13 obtained in this study have been deposited in the GenBank database under accession numbers KY349160 (rrsB) and KY349161 (rrsC). Reference sequences of haloarchaeal 16S rRNA genes were retrieved from the NCBI nucleotide database and were aligned with strain H13
T by the MUSCLE program of the MEGA6 software package [13] . Sequence similarities between strain H13
T and reference species were calculated using the pairwise-distance package of MEGA6. Phylogenetic trees were reconstructed by using the neighbour-joining and maximum-likelihood algorithms in MEGA6 with 1000 bootstrap replicates to evaluate the branching significance.
The full-length sequence (1830 bp) of the DNA-directed RNA polymerase subunit B¢ gene (rpoB¢) was also used as another molecular marker for phylogenetic analysis. The corresponding codon alignment of rpoB¢ sequences was generated using the PAL2NAL script [14] . Maximum-likelihood inference of the rpoB¢ sequence was performed with MEGA6, using the GTR+G model as previously described [15] . Bootstrap analysis was used to evaluate the branching significance from 1000 trials.
Phenotypic tests, including morphology, growth characteristics and biochemical tests, were performed with NHAbased media following the proposed minimal standards for the description of new taxa in the order Halobacteriales [16] . Htg. turkmenica VKM B-1734 T , Htg. thermotolerans PR5 T and/or Natrinema pellirubrum NCIMB 786 T were used as reference strains.
The growth range for NaCl concentration was measured in liquid NHA medium using a range of 2-5.1 M NaCl. The pH range for growth was measured using a range of pH 5-9 in liquid NHA medium buffered by 20 mM MES (for pH 5.0, 5.5 and 6.0), PIPES (pH 6.5, 7.0 and 7.5), or tricine (pH 8.0, 8.5 and 9.0). Acid production from various carbohydrates was measured by adding 1 % (w/v) arabinose, dextrose, fructose, lactose, glucose, glycerol, maltose, mannitol, mannose, rhammose, sorbitol or sucrose to liquid NHA medium and the casamino acid concentration was reduced to 2 g l
À1
. Phenol red was added as pH indicator to monitor acid production. Utilization of citrate was performed in liquid NHA medium (pH 6.8) supplemented with KH 2 
) and phenol red (12 mg l À1 ). Starch hydrolysis was identified by growing colonies on NHA agar plates amended with 0.2 % (w/v) soluble starch and the hydrolysis was examined by flooding the agar medium with Gram iodine solution. Gelatin hydrolysis was measured by growing colonies on NHA agar plates supplemented with 0.4 % (w/v) gelatin, omitted sodium citrate, and reducing the casamino acid concentration to 2 g l
. The hydrolysis of gelatin was examined by flooding the agar medium with 15 % (w/v) HgCl 2 solution. Casein hydrolysis was performed by growing colonies on NHA agar plates containing 5 % (w/v) skimmed milk. Catalase, oxidase, lecithinase and lipase activities, Tweens 20 and 80 hydrolysis, hydrogen sulfide production, indole production, and nitrate reduction were performed according to Gerhardt et al. [17] .
Polar lipid extraction was performed according to Kates and Kushwaha [18] . Chloroform/methanol/acetic acid/water (85 : 22.5 : 1 : 4, v/v) was used for development. Phospholipids and glycolipids were detected by 40 % sulfuric acid stain and a-naphthol stain, respectively [19] .
For in silico DNA-DNA hybridization (DDH), the genometo-genome distance analysis (GGDA) was employed by using GGDC (http://ggdc.dsmz.de/distcalc2.php) as previously described by Meier-Kolthoff et al. [20] . In addition, the analysis of average nucleotide identity (ANI) was performed by using the ANI calculator (http://enve-omics.ce. gatech.edu/ani/) as described previously [21] . Htg. saccharevitans AB14
T [6] was used as a reference strain in genome relatedness analysis. The whole genomes of strain H13
T and Htg. saccharevitans AB14 T were sequenced by using the Illumina HiSeq2000 (2Â90 bp paired-end read length) and Pacific Biosciences RS II (SMRT Bell DNA Library), respectively. The sequencing reads were assembled by using the CLC Workbench 6 (for Illumina paired-end reads) and HGAP3 (for PacBio reads). The whole genome assemblies of strain H13
T and Htg. saccharevitans AB14 T have been deposited at DDBJ/ENA/GenBank under the accession numbers JHUT00000000 and LWLN00000000, respectively. The versions described in this paper are version JHUT02000000 and LWLN01000000. Genome sequences of species of the genera Haloterrigena and Natrinema used in pairwise analyses were retrieved from the GenBank database (Table S2) .
In this study, two 16S rRNA gene sequences of strain H13 T were obtained, rrsB and rrsC. The two genes shared sequence similarity of 99.73 % with each other and both shared sequence similarities of 99.51 and 99.11 % with Htg. saccharevitans AB14 T and Htg. thermotolerans PR5 T , respectively. Phylogenetic tree reconstructions using the neighbour-joining and maximum-likelihood algorithms revealed that strain H13
T belongs to the HaloterrigenaNatrinema group (Fig. 1a) . The rpoB¢ gene of strain H13 T shared 96.19 and 95.50 % sequence similarity with Htg. saccharevitans AB14 T and Htg. thermotolerans PR5 T , respectively indicating that Htg. saccharevitans was the closest species to strain H13 T (Table S3 ). In the genera Haloterrigena and Natrinema, the maximum values in rpoB¢ sequence similarities between two species were about 96.25 and 97.78 %, respectively, and the similarity between strain H13 T and Htg. saccharevitans AB14 T was below these values. The rpoB¢ phylogeny showed good agreement with the 16S rRNA gene phylogeny, particularly in the strain H13 Tbearing clade (Fig. 1b) .
Cell morphology was examined under phase-contrast microscopy (BH-2; Olympus) and transmission electron microscopy (JEM-1200EXII; JEOL) [22] . The cells of strain H13
T were pleomorphic rod-shaped, 3-10 µm in length and non-motile when grown in liquid NHA medium. Gas vesicle-like 
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Natrialba hulunbeirensis AS 1. structures were observed within cells through phase-contrast microscopy (Fig. S1) ; moreover, the gvp gas vesicle gene cluster is present in the genome (Table S4) , further suggesting that strain H13 T contains gas vesicles. Inclusion bodies, identified as polyhydroxyalkanoate (PHA) granules by attenuated total reflection-Fourier transform infrared (ATR-FTIR) spectroscopy and nuclear magnetic resonance (NMR) spectroscopy [23] , were observed under high glucose/low phosphate conditions (Fig. 2) . No flagella structures were observed. The cells stained Gram-negative. Colonies of strain H13
T grown on solidified NHA medium were deep red, opaque, circular and convex with entire margins.
The growth ranges of temperature, salinity and pH of strain H13
T were 35-55 C, 2.0-5.1 M NaCl and pH 6.0-9.0, respectively, and the optimum growth conditions were 3.5-5.0 M NaCl, 45-55 C and pH 6.5-8.2. Acid was produced from fructose, glycerol and sorbitol. No acid was formed from arabinose, dextrose, lactose, glucose, maltose, mannitol, mannose, rhamnose sucrose. Citrate was utilized but not as the sole carbon source. Cells had no activities of caseinase, gelatinase or amylase. Lecithin and Tweens 20 and 80 were hydrolysed by strain H13
T . Strain H13 T was oxidase-negative but catalase-positive and produced H 2 S from cysteine but not from Na 2 S 2 O 3 . Indole formation was positive. Nitrate was reduced but nitrite was not and no gas formation.
Strain H13
T possessed both C 20 C 20 and C 20 C 25 diether core lipids (Fig. S2) . Polar lipids were phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me) and disulfated diglycosyl diether-1 (S 2 -DGD-1), and were chromatographically similar to Htg. thermotolerans PR5 T ( Figs  S2 and S3 ).
The genome of strain H13 T was about 3.79 Mbp with a G+C content of 65.10 mol% (Tables 1 and S2) . The values of genome relatedness between strain H13
T and its closest related species were estimated from 91.64-92.59 % in ANI and 45.0-48.0 % in GGDA (Tables S5 and S6 ), which were well below the applicable thresholds of bacterial/archaeal strains of the same species (!95 % in ANI and !70 % in DDH).
Based on the phenotypic chemotaxonomic and phylogenetic properties, and the genome relatedness, strain H13 T represents a novel species of the genus Haloterrigena with the name Haloterrigena mahii sp. nov. Characteristics that distinguish strain H13 T and its relatives are shown in Table 1 .
DESCRIPTION OF HALOTERRIGENA MAHII SP. NOV.
Haloterrigena mahii (mah'i. i. N.L. gen. n. mahii of Mah, in honour of R. A. Mah at UCLA for his noteworthy research in the areas of archaea isolation and classification, and also for initiating the solar saltern sampling in this study).
Cells are Gram-stain negative, non-motile and rod-shaped (3-10 µm). Cells are lysed in distilled water. Colonies are 1-2 mm in diameter with deep red-pigment, and circular and convex morphology. Growth occurs in the presence of 2.0-5.1 M NaCl in the pH optimal range pH 6.5-8.2 and at optimum temperature of 45-55 C. Catalase-positive, oxidase-negative and can reduce nitrate to nitrite. Indole formation is positive. Negative for amylase, caseinase and gelatinase. Lecithin and Tweens 20 and 80 are hydrolysed. Casamino acids serve as nitrogen and carbon sources. Acid is produced from fructose, glycerol and sorbitol. H 2 S is produced from cysteine but not from Na 2 S 2 O 3 . The major polar lipids are C 20 C 20 and C 20 C 25 derivatives of PG, PGP-Me and S 2 -DGD-1.
The type strain is H13 T (=BCRC 910151 T =NBRC 111885 T ) and was isolated from a solar saltern in Chula Vista, California, USA. 
